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Overview 

  Principal Nuclear Data Ac0vi0es supported at Argonne 
include: 
–  NCSP Data Tes<ng and Valida<on 
–  Support Development of Advanced Nuclear Data Covariance 

Methodologies 

–  Support the CEdT Process 
–  Chair Nuclear Data Advisory Group (NDAG) 
–  Represent NCSP on various U.S. and Interna0onal Working Groups and 

Expert Groups (including CSEWG, WPNCS, WPEC, UACSA, ADSNF) 

This presenta0on will only summarize ac0vi0es in the first two of the 
above ac0vi0es. 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NCSP Data Testing and Validation 

  Priority to provide 0mely Tes0ng and Repor0ng of 
Performance of new NCSP‐supported Nuclear Data 
Evalua0ons 
–  All NCSP‐supported Data Evalua0ons are delivered to BNL when 

completed  

–  These preliminary ENDF/B files are processed by BNL with checking 
codes and posted to the NNDC web site as ENDF/A files 

–  ANL processes these new files into libraries; determines the 
appropriate integral benchmarks to test the files; performs data 
tes0ng calcula0ons; and reports results (performance) to CSEWG and 
evaluators 

Tes0ng results from FY10 and Nov FY11 will be summarized. 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CSEWG 2009 Annual Meeting – Nov. 3-5, 2009 

  Performance of ENDF/A Evalua<ons for 240Pu, Cl and W 
–  240Pu tested in Fast and Thermal Systems 

•  C/E’s reduced slightly in Fast Systems (see Slide 5) 
–  Generally a slight improvement, except for Jezebel & Dirty Jezebel 

–  Results for virtually all systems are within experimental uncertain0es 

•  C/E’s generally increased slightly in Thermal Systems (see Slides 6&7) 
–  These keff’s are overpredicted with ENDF/B‐VII.0 and this overpredic0on 

increases with increasing Pu concentra0on for the PST‐18 and PST‐12 cri0cals 
–  This overpredic0on is aggravated slightly (by ~0‐100 pcm) 

–  35,37Cl tested in Thermal Systems 
•  “Best” systems to test Cl (HST‐044 series) are unsuitable for data valida0on 

because of their large uncertain0es (± 500‐1000 pcm) 
•  Nevertheless, the effect of the new Cl evalua0on demonstrated to be very small 

(<10 pcm) 

–  W tested using high‐fidelity “as‐built” models of ZPR‐9 Assemblies 1‐9 
•  Results with new IAEA evalua0on (available in ENDF/A) are a no0ceable 

improvement, though not all discrepancies are eliminated 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Performance in Fast Systems containing 240Pu 

ENDF/B-VII.0 
with ENDF/A 240Pu 

Benchmark 
keff 

keff ± 1σ C/E ± 1σ 

PU-MET-FAST-001 Jezebel 1.00000 ± 0.00340 
0.99999 ± 0.00002 0.99999 ± 0.00200 

0.99986 ± 0.00002 0.99986 ± 0.00200 

PU-MET-FAST-002 Jezebel-240 1.00000 ± 0.00200 
0.99990 ± 0.00002 0.99990 ± 0.00200 

0.99962 ± 0.00002 0.99962 ± 0.00200 

MIX-COMP-FAST-001 ZPR-6/7 1.00051 ± 0.00087 
1.00150 ± 0.00005 1.00099 ± 0.00087 

1.00068 ± 0.00005 1.00017 ± 0.00087 

MIX-COMP-FAST-002 ZPR-6/7 H240 1.0008 ± 0.00090 
1.00028 ± 0.00005 0.99948 ± 0.00090 

0.99919 ± 0.00005 0.99839 ± 0.00090 

ZPPR-LMFR-EXP-001 ZPPR-10A L07 1.00096 ± 0.00038 
1.00103 ± 0.00005 1.00021 ± 0.00038 

1.00021 ± 0.00005 1.00103 ± 0.00038 

MIX-COMP-FAST-003-1 ZPR-3/48 1.0013 ± 0.0007 
1.00194 ± 0.00007 1.00064 ± 0.0007 

1.00139 ± 0.00007 1.00009 ± 0.0007 

MIX-COMP-FAST-003-2 ZPR-3/48B 1.0017 ± 0.0007 
1.00184 ± 0.00006 1.00014 ± 0.0007 

1.00137 ± 0.00006 0.99967 ± 0.0007 

MIX-MISC-MIXED-001 BFS-97-4 1.00110 ± 0.00270 
1.00229 ± 0.00007 1.00119± 0.00270 

1.00207 ± 0.00010 1.00097± 0.00270 

5 



Performance in Thermal Systems containing 240Pu 

PU-SOL-THERM-018 
Case  

Pu Conc., 
gm/ℓ 

Benchmark 
keff 

keff ± 1σ C/E ± 1σ 

1 140.00 1.00000 ± 0.00340 
1.00925 ± 0.00009 1.00925 ± 0.00343 

1.01034 ± 0.00009 1.01034 ± 0.00344 

2 116.00 1.00000 ± 0.00340 
1.01260 ± 0.00009 1.01260 ± 0.00344 

1.01336 ± 0.00009 1.01336 ± 0.00345 

3 99.26 1.00000 ± 0.00320 
1.01058± 0.00008 1.01058 ± 0.00323 

1.01134 ± 0.00009 1.01134 ± 0.00324 

4 85.53 1.00000 ± 0.00300 
1.00875± 0.00008 1.00875 ± 0.00303 

1.00911 ± 0.00008 1.00911 ± 0.00303 

5 75.64 1.00000 ± 0.00300 
1.00767± 0.00008 1.00767 ± 0.00303 

1.00813 ± 0.00008 1.00813 ± 0.00303 

6 65.12 1.00000 ± 0.00310 
1.00571± 0.00008 1.00571 ± 0.00313 

1.00608 ± 0.00008 1.00608 ± 0.00313 

7 56.34 1.00000 ± 0.00320 
1.00501± 0.00008 1.00501 ± 0.00323 

1.00518 ± 0.00008 1.00518 ± 0.00323 

8 46.83 1.00000 ± 0.00330 
1.00463± 0.00008 1.00463 ± 0.00334 

1.00486 ± 0.00008 1.00486 ± 0.00334 

9 40.58 1.00000 ± 0.00340 
1.00291± 0.00007 1.00291 ± 0.00343 

1.00305 ± 0.00007 1.00305 ± 0.00344 

ENDF/B‐VII.0 
with ENDF/A 240Pu 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Performance in Thermal Systems containing 240Pu 
(Continued) 

ENDF/B‐VII.0 
with ENDF/A 240Pu 

PU-SOL-THERM-012 
Case  

Pu Conc., 
gm/ℓ 

Benchmark 
keff 

keff ± 1σ C/E ± 1σ 

6 105.00 1.00000 ± 0.00070 
1.00833 ± 0.00009 1.00833 ± 0.00071 

1.00861 ± 0.00009 1.00861 ± 0.00071 

17 21.70 1.00000 ± 0.00430 
1.00669 ± 0.00007 1.00669 ± 0.00433 

1.00663 ± 0.00007 1.00663 ± 0.00433 
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Summer 2010 mini-CSEWG Meeting – June 22, 2010 

  Benchmark Comparisons with ENDF/A 52,53Cr in Fast and 
Intermediate Systems 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  These systems have a very high sensi0vity to Cr 
–  For the “k‐infinity” assemblies, results degrade 

–  For the “reactor” cri0cal assemblies, results are improved 
  The new data are an improvement, but we have more to learn from these experiments 



CSEWG 2010 Annual Meeting – Nov. 1-3, 2010 

  Argonne Data Tes<ng of New Evalua<ons for ENDF/B 
–  Revised evalua0ons were downloaded about 3 weeks ago from NNDC 

for: 
•  239Pu 
•  240Pu 
•  55Mn 

•  52,53Cr 
•  58,60Ni 
•  Minor Cr and Ni isotopes were not tested 

–  A set of benchmarks were selected which might test 240Pu and the 
structural materials 

9 



Most discrepant benchmark analysis with ENDF/B-VII.0
 ZPR-6/10  (A clean Pu/C/SST assembly) 

  Note that there was NO bias with ENDF/B‐V data. 

  Using ENDF/B‐VII.0 data with ENDF/B‐V data for 239Pu :  reduces C/E by 1.1% Δk 

  Using ENDF/B‐VII.0 data with ENDF/B‐V data for Cr :  reduces C/E by 1.7% Δk 
  Using ENDF/B‐VII.0 data with ENDF/B‐V data for Mn :  reduces C/E by 0.6% Δk 

  Using ENDF/B‐VII.0 data with new ORNL data for Mn :  reduces C/E by 0.6% Δk 

keff C – E (in % Δk) 
Experiment 1.0016 ± 0.0013 
ENDF/B-V 1.0009 ± 0.0007  -0.07 ± 0.15 
ENDF/B-VI 1.0380 ± 0.0005  3.64 ± 0.14 
ENDF/B-VII.0 1.0392 ± 0.0003  3.76 ± 0.13 

PU-MET-INTER-002 

Pu/C/Steel core –  
Steel reflector, Iron radial reflector –  
6.25 v/o Pu / 37.5 v/o C / 56.25 v/o steel unit cell 
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Benchmarks with High Sensitivity 
to Structural Materials 
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Benchmarks with High Sensitivity 
to Structural Materials (Cont.) 
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Testing new 239Pu Evaluation with THERM Benchmarks 
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Testing new 239Pu Evaluation with INTER & FAST 
Benchmarks 
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Testing new 240Pu Evaluation with INTER & FAST 
Benchmarks 
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  Generally increases the over‐predic<on of the THERM systems 

  No effect in the FAST systems  



Testing new 55Mn Evaluation with INTER & THERM 
Benchmarks 
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  Very nice reduc<on in the over‐predic<on of the FAST systems while 
retaining good agreement in the THERM system  



Testing new 52,53Cr Evaluation with THERM, INTER & 
FAST Benchmarks 
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  Increased the under‐predic<on of the THERM systems and mixed 
performance in the INTER and FAST systems  



Testing new 58,60Ni Evaluation with THERM, INTER & 
FAST Benchmarks 
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  Most of these systems are insensi<ve to Ni; the only two systems with 
significant changes are improved. 



Summary 

  239Pu – generally small changes on THERM, INTER and FAST 
systems. 

  240Pu – Generally increases the over‐predic0on of the THERM 
systems; no effect in the FAST systems. 

  55Mn – Nice improvement in FAST systems; limle effect in 
THERMAL systems. 

  52,53Cr – Increased the under‐predic0on of the THERM 
systems and mixed performance in the INTER and FAST 
systems. 

  58,60Ni – Most of these systems are insensi0ve to Ni; the only 
two systems with significant changes are improved. 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Support Development of Advanced Nuclear Data 
Covariance Methodologies 
  A few years ago, D. M. Smith, D. W. Muir and R. D. McKnight 

considered how Argonne  might contribute to the NCSP 
Nuclear Data program element 

  Our conclusion was Covariance Data 
  Ini0al emphasis has focused on two areas 

–  Quality Assurance for new Covariance Data for ENDF/B  
–  Advance Covariance Methodologies 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Quality Assurance for ENDF/B-VII.1  
Covariances 
  Work has been in progress for over a year to develop a reasonable set of 

QA requirements for ENDF/B‐VI.1 covariances 
  Extensive discussions on this topic were held during the three previous 

CSEWG mee0ngs 
  The following slides (generated by D. Smith and D. Muir and their 

interac0ons within the CSEWG community) reflect a number of 
compromises that had to be made to gain adequate acceptance 

  Improvements can be made to these QA requirements in future releases 
of ENDF/B as covariance methods, processing methods, and individual 
user needs evolve over 0me 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1.  Basic Mathematical Requirements 

  1.1 The numerical data and recipes provided in an evaluated 
full covariance file must enable complete (square and 
symmetric) matrices that yield correla:ons as well as 
standard devia:ons (uncertain:es) to be generated from the 
included values by the most widely used contemporary 
processing codes. 

  1.2  Correla:on matrices derived from the evaluated 
covariance data should have unity values along the matrix 
diagonal, and off‐diagonal elements with magnitudes less 
than unity, to the extent allowed by the numerical precision 
of the file and consistent with the limita:ons of the ENDF 
formats. 

  1.3  Covariance matrices for evaluated normalized neutron‐
emission spectra (MF = 35) should sa:sfy the mathema:cally 
mandatory "sum‐to‐zero" property for rows and columns of 
the matrix to the extent allowed by the numerical precision 
of the applicable file and consistent with the limita:ons of 
the ENDF formats. 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2. Matrix Eigenvalues Requirement 
  2.1  Full covariance matrices generated from informa:on 

provided by the evaluator must be posi:ve definite (i.e., 
involve only posi:ve eigenvalues) on the evaluator's original 
energy grid, to the extent allowed by the numerical precision 
of the file and consistent with the limita:ons of the ENDF 
formats, unless the occurrence of zero eigenvalues is 
mandated mathema:cally by certain physical constraints 
such as normaliza:on or consistency of par:al reac:on 
channel data and those for sums or differences of data for 
these reac:on channels. 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3.  Requirement of "Realistic" Covariances 
  3.1  Covariance data uncertain:es and correla:ons should be consistent 

in magnitude with the contemporary expecta:ons of experienced nuclear 
data evaluators as well as addressing the needs of users of these nuclear 
data for applica:ons. 

  3.2  For evaluated cross sec:ons that exceed 1% of the total cross sec:on 
in magnitude, uncertain:es greater than 50% predicted by the provided 
covariance data should be treated by reviewers as poten:ally unrealis:c 
and flagged for possible rejec:on unless they can be amply substan:ated 
by the evaluator. However, for cross sec:ons smaller than 1% of the total 
cross sec:on, a specified uncertainty that is greater than 50% (but always 
less than 100%) can be considered as represen:ng a flag signifying that 
the evaluator believes that the evaluated data should be viewed as 
qualita:vely very uncertain. Reviewers should then treat such large 
assigned uncertain:es as acceptable under the circumstances.   

  3.3  Uncertain:es which are very small, e.g., smaller than those assigned 
to neutron reac:on cross sec:on standards for the same process types, 
should be treated by reviewers as poten:ally unrealis:c and flagged for 
possible rejec:on unless they can be amply substan:ated by the evaluator. 
Reviewers should refer to the following table for general guidance in 
making these judgments, with the understanding that there will be some 
excep:ons based on physical considera:ons 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Table of Minimum “Reasonable” Uncertainties * 

Reaction Minimum Uncertainty 

(n,tot) 1% 

(n,el) 2% 

(n,γ) 2% 

(n,inel) 3% 

(n,f) 0.7% 

nu-bar 0.7% 

Other 3% 

* Devia0ons encountered in a review should trigger examina0on of poten0al causes 

25 



  4.1  The provided uncertain:es for an evalua:on must be 
reasonably consistent in magnitude with the uncertain:es in 
all relevant experimental data, as well as with the evaluator’s 
es:mates of the uncertain:es associated with nuclear 
modeling prac:ces employed in the present evalua:on (see 
also Sec:on 3). 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4. Covariance Evaluation Consistency 
Requirement 



5.  Covariance Format Requirement 
  5.1  Covariance informa:on must be specified using only 

approved formats as defined in the contemporary ENDF 
Formats Manual. 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6.  Documentation Requirement 
  6.1  A textual sec:on must be provided within the evaluated 

file in the category "Descrip:ve Comments" (MF = 1; MT = 
451) that describes how the provided covariance informa:on 
was generated and also gives a jus:fica:on for any 
uncertainty values which appear to be unrealis:c (i.e., either 
unusually small or large as defined in Sec:on 3). If references 
are available to more detailed descrip:ons of the procedures 
used to generate the provided covariance informa:on, 
including links to informa:on available from the Internet, 
then they must also be provided in this sec:on. 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7. Checking Code and Visual Inspection 
Requirements 

  7.1   The evaluated covariance files must pass all the 
numerical tests that can be performed by the contemporary 
suite of ENDF library checking codes provided by the NNDC. 

  7.2  An evaluated covariance file must pass a visual 
inspec:on of plots of uncertain:es and correla:ons by at 
least one independent reviewer in order to weed out obvious 
errors and nonsensical values, and to iden:fy situa:ons 
where the results appear to be otherwise unrealis:c, so that 
they can be examined further and the issues resolved before 
the file is accepted (see Sec:on 3). 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8.  Processing Requirements 

  8.1   The covariance data included in ENDF/B‐VII.1 
evalua:ons must be capable of being processed by the most 
widely used contemporary data processing codes, i.e., by 
NJOY and PUFF, for typical group structures that are 
employed in contemporary nuclear applica:ons. 

  8.2   The covariance data generated from processing of 
ENDF files by NJOY and PUFF in comparable situa:ons should 
agree numerically to within reasonable precision, consistent 
with the limita:ons associated with the ENDF formats and 
differences in the computa:onal methodologies of these 
codes. 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Summary for Covariance Activities 

  Approximately a year remains un0l the planned release of 
ENDF/B‐VII.1.   It is important to the CSEWG/ENDF 
community to insure that these QA requirements are met. 

  With regard to Advanced Covariance Methodologies, Argonne 
has helped to develop two stochas0c methods currently being 
used to produce consistent nuclear data and covariance 
evalua0ons.  These provide valuable independent covariance 
data – which also develop full correla0ons among the 
evalua0ons. 

  The Cri0cality Safety community has invested heavily in 
Sensi0vity/Uncertainty (S/U) methods.  These represent 
powerful and valuable tools – if they are provided quality 
covariance data. 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